ABStRAct: This study was conducted to evaluate maternal breed effects, direct breed effects, and individual heterosis on subsequent steer performance, carcass, and feed efficiency traits. This was a consecutive 2-yr trial using 158 steers. The same dam breeds, Angus (AN) and purebred Simmental (SM), were used both years. Also, the same AN and SM sires (n = 11) were used both years. Steers were AN, SM, or AN × SM breed composition. Steers were managed similarly before weaning and early weaned at 56 ± 9 d of age. Steers were then randomly allotted to pens and fed a common finishing ration. Contrasts were written to evaluate direct and maternal breed effects and individual heterosis in the PROC MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) using dam breed, sire breed, and year as fixed effects. Simmental direct breed effect resulted in a 26 kg heavier initial BW (P < 0.05) and a 46 kg heavier final BW (P < 0.05). Simmental maternal breed effect increased initial BW by 43.5 kg (P < 0.05). Dry matter intake was not impacted by direct breed effects, maternal breed effects, or individual heterosis. Individual heterosis did improve G:F 3.4% (P < 0.05) and residual BW gain 0.048 kg/d (P < 0.05). Residual intake and BW gain tended (P = 0.07) to improve as a result of individual heterosis. Residual feed intake (RFI) was impacted by direct breed effect with SM cattle having a more desirable RFI (P = 0.05). Angus direct breed effect increased backfat (P < 0.05) and improved marbling score by 126 units (P < 0.05). Simmental direct breed effect increased LM area (P < 0.05), had the highest HCW at 410 kg (P < 0.05), and had the most desirable yield grade at 2.74 (P < 0.05). Individual heterosis improved marbling score (P = 0.05). Maternal breed effect increased HCW (P < 0.05) as a result of the SM dam. Direct breed effects were present for performance, feed efficiency measures, and carcass traits. Overall, heterosis impacted feedlot performance, carcass characteristics, and feed efficiency, which impacts beef production.
INtRoDuctIoN
published the first research on maximizing heterosis through the crossbreeding of two purebred individuals. Since this time, multiple studies have shown the benefits of crossbreeding cattle (Fitzhugh et al., 1975; Gray et al., 1978) . These benefits include improved performance and carcass characteristics. As feed efficiency becomes more important to the beef industry due to rising input costs, the effect of heterosis on feed efficiency should be determined. Feed efficiency measures are moderately heritable, between 0.21 and 0.56, and therefore have selection potential (Nkrumah et al., 2007) . Feed efficiency measures including residual feed intake (RFI) and residual BW gain (RG) have also been shown to vary with breed type (Crowley et al., 2010; Chewning et al., 1990; Schenkel et al., 2004) . Research to date has not shown any benefit of heterosis as it relates to feed efficiency of cattle; however, only G:F and to a minimal extent RFI have been evaluated (Gregory et al., 1966; Elzo et al., 2009; Rolfe et al., 2011) . Therefore, there is a need for evaluation of heterosis on feed efficiency traits beyond G:F. The objective of this study was to investigate the effects of direct and maternal breed effects and individual heterosis on subsequent progeny performance, carcass, and feed efficiency characteristics [(G:F, RFI, RG, and residual intake and BW gain (RIG) ] as a result of crossbreeding Angus (AN) and Simmental (SM) dams and sires.
MAteRIALS AND MethoDS
Animals used in this trial were managed according to the guidelines recommended in the Guide for the Care and Use of Agriculture Animals in Agriculture Research and Teaching (Consortium, 1988) . Experimental protocols were approved by the University of Illinois Institutional Animal Care and Use Committee.
Animals and Management
One hundred fifty-eight AN, SM, and AN × SM steers from 11 identified sires were used across 2 yr. The same sires were used in purebred and crossbred production of steers. Steers originated from two sources: Orr Beef Research Center (Perry, IL) and Urbana Beef Research Center (Urbana, IL). Animals were early weaned at approximately 56 ± 9 d of age and backgrounded on a 17% CP diet before starting the trial. Steers were vaccinated with the following: Bovishield Gold FP5 L5 HB (Pfizer, Exton, PA), given for prevention of infectious bovine rhinotracheitis, bovine viral diarrhea types 1 and 2, parainfluenza-3, bovine respiratory syncytial virus, and leptospirosis; One Shot Ultra 7 (Pfizer, Exton, PA) for prevention of blackleg, malignant edema, black disease, gas-gangrene, enterotoxemia and enteritis, and bovine pneumonia; and Pulmo-Guard MpB (AgriLabs, St. Joseph, MO) given for the prevention of mycoplasm bovis. Steers were dewormed with Eprinex (Merial, Duluth, GA) pour-on and equipped with an electronic identification tag. The implant strategy used for year one was Component E-S [200 mg progesterone United States Pharmacopeia (uSP) and estradiol benzoate 20 mg; Elanco, Overland Park, KS] at the initiation of the growing phase, Component TE-IS (80 mg trenbolone acetate, 16 mg estradiol, and 29 mg tylosin tartate; Elanco) at the initiation of the finishing phase at 112 d of age, and Component TE-S (120 mg trenbolone acetate, 24 mg estradiol, and 29 mg tylosin tartate; Elanco) on d 76 of the finishing period. The implant strategy for year two was Component E-S (200 mg progesterone USP and estradiol benzoate 20 mg; Elanco) at the initiation of the growing phase and Component TE-S (120 mg trenbolone acetate, 24 mg estradiol, and 29 mg tylosin tartate; Elanco) at the beginning of the finishing phase at 112 d of age. Animals were randomly allotted to pens and fed a common diet. Steers were fed once daily with ad libitum access to feed. The diet was formulated to meet or exceed the minimum NRC (1996) requirements for maintenance and gain (Table 1) .
Performance Data Collection
Individual DMI was recorded via GrowSafe automated feeding system (GrowSafe Systems Ltd., Airdrie, Alberta, Canada). Dry matter intakes were standardized to 12.45 MJ ME/kg DM. First, total DMI of the animal was multiplied by the specific diet ME (MJ ME/kg DM) to calculate total energy intake. Total energy intake was then divided by 12.45 to give total DMI standardized (SDMI) to the average energy density. At the initiation of the finishing phase, weights were taken on two consecutive days. These weights were then averaged, which resulted in initial finishing phase weight. Final weights were calculated from HCW using a standard dressing percentage of 62%. This weight was used to calculate final animal ADG and G:F. On average, the finishing phase included 106 d on feed. All years of the study conformed to Beef Improvement Federation's feed intake guidelines for collection of performance data to be used for calculation of feed efficiency (BIF, 2010).
Carcass Data Collection
At the end of the finishing phase, steers were transported via commercial trucking to Tyson, Inc., Joslin, IL. Steers were harvested and carcass data were measured and recorded. On the day of harvest individual carcass measurements were taken for HCW. After undergoing a 24 h chill at -4°C, measurements for backfat thickness (BF), KPH percentage, and marbling score were collected by trained University of Illinois personnel. Chromatography paper was used to take an image of the longissimus dorsi and measurements for the LM area were recorded using a planimeter. Trained University of Illinois personal determined quality grade according to the USDA grading system. Yield grade was calculated using the following equation (Taylor, 1994) 
Statistical Analysis
Feed efficiency values were calculated using the PROC MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). Residual feed intake represented the residuals from a multiple regression model regressing SDMI on ADG and mid BW 0.75 with year as a fixed effect. Residual BW gain represented the residuals from a multiple regression model regressing ADG on SDMI mid BW 0.75 with year as a fixed effect. As cited by Berry and Crowley (2012) , RIG was calculated as the sum of -1 × RFI and RG, both standardized to a variance of 1. Residual feed intake was multiplied by -1 to account for a negative RFI being favorable compared with a positive RG being favorable. Residual intake and BW gain is a linear function of both RFI and RG, which in turn are linear functions of their component traits SDMI, ADG, and mid BW 0.75 . Therefore, an alternative approach, if fixed effects, random effects, or covariants are not included in the model to estimate either RFI or RG, is to use an index with appropriate weighted component traits (Kennedy et al., 1993; van der Werf, 2004) . Gain to feed ratio was calculated as ADG divided by average SDMI.
Data were analyzed using the PROC MIXED procedure of SAS. Steer was the experimental unit and dependent variables included performance, carcass, and feed efficiency (G:F, RFI, RG, and RIG). Model fixed effects were dam breed, sire breed, and year except for when feed efficiency response variables (RFI, RG, and RIG) were tested. Year was not included in the model for those variables because it was previously accounted for in the calculation of the feed efficiency values. Contrasts were written to evaluate direct and maternal breed effects and individual heterosis based on least square means for all dependent variables. Significance was determined at a P < 0.05.
ReSuLtS AND DIScuSSIoN
Direct breed effect, maternal breed effect, and individual heterosis were examined for their effect on performance and feed efficiency traits. These performance and efficiency characteristics in both purebred and crossbred steers are shown in Table 2 . Two breeds were represented for both the sire and dam (AN and SM). A total of four breed compositions were represented within the steer population, 34% (n = 53) AN, 13% (n = 21) AN × SM, 14% (n = 22) SM × AN, and 39% (n = 62) SM. Initial BW was increased 26 kg (P < 0.01) for SM cattle as a result of direct breed effect. This was not unexpected because SM cattle had been known to be larger and have increased weaning weights compared to AN cattle (Arango et al., 2002 4 DMI standardized to 12.45 ME/kg DM.
5 RFI = residual feed intake (predicted DMI = ADG + mid-metabolic BW); lower value is desired.
6 RG = residual BW gain (predicted ADG = DMI + mid-metabolic BW); higher value is desired.
7 RIG = residual intake and BW gain (calculated with RG and RFI); higher value is desired. et al. (2010) showed that the direct breed effect resulted in SM calves weighing 28 kg more than AN at weaning. As a result of a SM maternal breed effect, initial weight increased (P < 0.01) 24 kg compared to AN. This could be attributed to an increase in milk production of SM dams as cited by Neville (1962) and Boggs et al. (1980) . In another study, Marston et al. (1992) showed higher total milk yields based on a 205 d lactation period for SM cows compared to AN cows. Total milk yields were 1,724 kg greater for SM cows than for AN cows. This resulted in calves from SM dams being 57 kg heavier than calves from AN dams when weaned at 205 d of age. Final BW was also influenced by direct breed effect (P < 0.01) and maternal breed effect (P = 0.05) with advantages in weight given to SM at 46 and 43.5 kg, respectively. Body weight is highly heritable and Arango et al. (2002) showed that purebred Charolais and SM cows were heavier (P < 0.01) than Hereford × AN cows at every age. Their progeny would then be expected to possess the genetic potential to be heavier as well. This showed that steers from SM dams maintained a weight advantage throughout the trial. Gain had a tendency (P = 0.06) to improve as a result of SM direct breed effect. Crowley et al. (2010) showed that purebred SM bulls had significantly higher start weights, final weights, and ADG compared to AN bulls. Kress et al. (1990) reported that calves from the 50 and 75% SM dams had the highest growth traits when compared to British breeds. Barker-Neef et al. (2001) stated that crossbred calves had more growth potential than AN calves due to hybrid vigor and the influence of Continental genetics. Whereas there were no effects on DMI, feed efficiency was affected. Gain to feed ratio tended (P = 0.09) to improve as a result of SM breed effect. There was early evidence to support that faster growing lean breeds are more efficient than slower growing fatter breeds in converting feed energy to lean tissue (Jones et al., 1978) . Contrary to these findings, Archer et al. (1999) stated that under usual conditions, Continentalbred cattle may be less efficient at converting feed to live weight gain than British-bred cattle partly due to higher maintenance requirements. Maintenance efficiency differs across breeds and these differences are related to the productive potential of those breeds (Archer et al., 1999) . Residual feed intake estimates in the present study were improved (P = 0.05) as a result of direct breed effect with AN having a RFI of 0.15 and SM having the more favorable at -0.08. It has been shown in the literature that purebred AN cattle rank poorer for RFI compared to SM cattle (Crowley et al., 2010; Chewning et al., 1990; Schenkel et al., 2004) . Feed conversion ratio also tended to improve (P = 0.09) a result of SM direct breed effect. There was no effect of maternal breed (P ≥ 0.17) on G:F, RFI, RG, or RIG in this study. There has been no evidence of a positive impact of heterosis on feed efficiency and DMI in early work (Gregory et al., 1966) . Ellersieck et al. (1977) saw no interaction between sire breed and dam breed for feed efficiency, unless feed efficiency was adjusted to a weight-constant basis. Elzo et al. (2009) researched heterosis in Braham × Angus cattle and found it to increase daily feed intake and RFI; therefore, intake was greater and efficiency was poorer for crossbred animals. Rolfe et al. (2011) showed that heterosis contributed to greater DMI (P < 0.01), RFI (P < 0.05), and metabolic BW (P < 0.05), but it was not an important source of variation that affected ADG or G:F. In this study, DMI was not affected (P = 0.43) by individual heterosis. Interestingly, there was an individual heterosis effect, which improved G:F 3.4% (P = 0.02) and RG (P = 0.03) by 0.048 kg/d. Residual intake and BW gain also tended to desirably increase (P = 0.07) as a result of individual heterosis. Residual feed intake was not affected by individual heterosis (P = 0.37). Table 3 shows direct and maternal breed effects and the effect of individual heterosis on carcass characteristics of steers. All characteristics were affected by a direct breed effect (P < 0.01). As expected due to the relationship to final BW, maternal breed effect increased HCW (P = 0.05) in SM steers as did direct breed effect (P < 0.01). Individual heterosis impacted only marbling score (P = 0.05), which was greatly affected by AN direct breed effect (P < 0.01) at an increase of 156 marbling units. The direct breed effect of AN was associated with a 0.62 cm increase in backfat (P < 0.01). The direct breed effect of AN also had the least desirable yield grade at 3.55 (P < 0.01). Hassen et al. (1998) expressed differences in carcass characteristics of SM and AN breeds as breed solution (SM minus AN) and showed a positive (P < 0.01) SM breed effect for HCW and LMA and negative effect for carcass fat. This result is in agreement with Gregory et al. (1994) who reported a higher performance (P < 0.05) of SM sired progeny for HCW and LM area but lower means (P < 0.05) for traits that measure degree of fatness compared with AN progeny. Williams et al. (2010) showed that the breed effects for marbling score, such as fat thickness, were most positive for the AN breed and most negative for Continental beef. Johnson et al. (1988) also found that greater marbling scores were associated with British rather than Continental breeds. Similarly, Rios-Utrera et al. (2006) found the least marbling among Continental breeds with Limousin having worst marbling score. Steers by SM dams in this study did have a 0.27 unit advantage in yield grade (P = 0.02). As expected, steers from dams of British influence (AN) had higher backfat and intramuscular fat deposition compared to steers of Continental breed influence, which had leaner carcasses.
Implications
Traditional direct breed effects were similar to previous research indicating that data collected in this experiment was useful and accurate. Interestingly, individual heterosis improved G:F, RG, and RIG in SM × AN steers. This improvement due to heterosis has not been observed previously. The data set was small and represented only by SM and AN breeds; therefore, more research should be done to quantify the improvement in feed efficiency that occurs.
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